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Abstract:
A framework for analyzing substitution and scale properties, and technical change from plant-level
panel data is presented. Focus is on comparing the constant and random coefficient specification
of
the substitution and scale parameters and investigating the potential variation of the parameters
across firms. Characteristics of the model framework are (i) an equation system consisting of a
three-factor translog cost function and the corresponding cost-share equations, (ii) random firm
specific heterogeneity in coefficients, and (iii) a Maximum Likelihood procedure allowing for
unbalanced panel data. The empirical results, based on data from Norwegian chemical plants,
indicate substantial firm specific heterogeneity in substitution and scale properties.
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1 Introduction
A common challenge in microeconometric analyses of economic relationships is how to
treat heterogeneity concerning the form of the relationships across the micro units. Such
heterogeneity may be modelled and analyzed when panel data are available, unlike the
situation when only cross section data are at hand. However, even in a panel data
context, most researchers have tended to assume a common coecient structure, possibly
allowing for unit specic (or time specic) dierences in intercept terms of the equations
(`xed' or `random' eects) only. If the heterogeneity has a more complex form, this
modelling approach may lead to inecient (and even inconsistent) estimation of the
slope coecients, and hence invalid inference.
A more general approach is to allow for heterogeneity also in slope coecients of
the equation. The challenge then becomes how to obtain a model which is suciently
exible while avoiding overparametrization. The xed eects slope coecient approach,
in which each unit has its distinct coecient vector, with no a priori assumptions made
about its variation between units, is very exible, but may easily suer from this degrees
of freedom problem. The random coecients approach, in which specic assumptions
are made about the distribution from which the unit specic coecients are drawn, is
far more parsimonious in this respect. At the same time, the expectation vector in
this distribution represents, in a precise way, the coecients of an average unit, while
its second order moments matrix gives easily interpretable measures of the degree of
heterogeneity. The random coecients approach may also be considered a particular way
of representing disturbance heteroskedasticity in panel data analysis, since the random
eects enter multiplicatively to the covariates of the equation.
While there is a growing body of methodological articles in the econometric literature
dealing explicitly with this random coecient problem for balanced panel data situations,
far less has been done with unbalanced panel data. This is somewhat surprising, since in
practice the latter is rather the rule than the exception. Because working with complete
panels is mathematically more convenient, a common procedure for empirical researchers
is to leave out the units for which the time series are incomplete and use the balanced
sub-sample of the original, less tidy data-set. This may, however, involve a of loss of
eciency, see Matyas and Lovrics (1991) and Baltagi and Chang (1994).
In this paper, we consider a general framework for analyzing the production process,
i.e., factor substitution, scale properties and technical change, from unbalanced plant-
level panel data. The paper discusses the importance of choosing a random versus the
more common constant coecients specication of plant heterogeneity in econometric
analyses of factor demand systems. The translog cost function approach suggested by
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